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1 Introduction
During the production of pharmaceutical tablets a drying step is necessary before tableting the granules when
a wet granulation step is performed1. In this project, a fluidized bed drying system which is part of a full con-
tinuous from-powder-to-tablet line (ConsiGmaTM, ColletteTM, GEA Pharma Systems) is under study. The six
segmented dryer is consecutively fed with continuously produced wet granules into one of the compartiments.
Mechanistic models are useful to understand the process in more detail and to detect input variables which have
a significant impact on the process. A model describing the drying behaviour of single pharmaceutical gran-
ules was developed2. This model was calibrated and validated using experimental data, after which a model
reduction was performed to end up with an empirical reduced model3. This step was necessary in order to
incorporate it into a Population Balance Model (PBM).
The PBM-model is able to describe the drying behaviour for a batch of granules for different values of the gas
temperature of the drying air (Tg), the particle radius (Rp), the gas velocity (Vg), the initial moisture content of
the particles (Rw,0, f ac), the filling time (t f il) and the drying time (tdry). The objective of the work presented here
is to investigate the influence of these six parameters on the final moisture content distribution by means of a
Global Sensitivity Analysis (GSA). It is obvious that the range of moisture content of the granules at the end of
the drying process will be influenced by the filling time. However, interactions between certain parameters are
not straightforward and can be unraveled using this analysis.
2 Materials and methods
2.1 Reduced drying model
The reduced model for the drying of a single granule at different gas temperatures was described in detail by
Mortier et al.3. It was developed for the purpose of integrating it into a PBM since the original model is too
complex. The empirical equation for the first drying phase was determined to be:
G∗r,1(Rw,nor,Tg,Vg) = (v1 · V2g + v2 · Vg + v3) Gr,1(Rw,nor,Tg) (1)
Gr,1(Rw,nor,Tg) = A + B · Rw,nor +C · eD·Rw,nor (2)
Rw,nor =
Rw − Rp
Rw,0 − Rp (3)
where v1, v2 and v3 are empirical coefficients, A, B, C and D are empirical coefficients, which are dependent on
Tg, and Rw,0 is the initial (wet) radius3. The behaviour of the second drying phase is described by:
Gr,2(R′w,nor,Tg) = A′ · (R′w,nor)B
′
+C′ ·
(
1 + D′ · R′w,nor
)E′
+ R′f ∗ (A′ · 0.5B
′
+C′ · (1 + D′ · 0.5)E′) (4)
R′w,nor =
Rw
Rp
(5)
with A′, B′, C′, D′ and R′f empirical coefficients, dependent on Tg
3.
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2.2 Method of Characteristics
The Method of Characteristics (MOC), which uses a moving grid, is used to solve the Population Balance
Equation (PBE)4. This solution method gave the best results taking both the accuracy and computational load
into account5. A grid size of 150 was used for the calculations.
2.3 Contribution to Sample Mean/Variance (CSM/CSV) plot
A (global) sensitivity analysis is the study of how the uncertainty in the output of a model (numerical or
otherwise) can be apportioned to different sources of uncertainty in the model input (or model structure, pa-
rameters)6. The global aspect refers to the fact that the global parameter space is investigated with respect to
sensitivity as opposed to local sensitivity analysis where only one point in the parameter space is investigated.
This GSA provides useful information if one is to reduce the model output uncertainty. Graphical sensitivity
analysis tools, being qualitative techniques, are interesting to detect the relationship between uncertain model
inputs and model outputs7. The Contribution to Sample Mean (CSM) and Contribution to Sample Variance
(CSV) plots are examples of such graphical tools. The interesting range for the input factors is sampled ran-
domly. An advantage of the graphical tools is the low number of simulations which are required to draw
conclusions. A lot more information can be obtained by CSV compared to the standard sensitivity indices
when investigating input-output relationships7. When the curve of the CSM and the CSV is near the diagonal,
this means that the contribution to the mean or the variance is equal throughout the full range of the input
parameter. A more sensitive input factor is indicated by a CSM-curve which deviates more from the diagonal
compared to the other factors.
2.4 Simulation parameters
The range of the parameters used in the simulations is presented in table 1.
Table 1: Factors used for the sensitivity analysis
Factor Range
Tg 25-45 ◦C
Rp 0.3-1.4 mm
Vg 200-400 m3/h
Rw,0, f ac 1.015-1.030
t f il 60-400 s
tdry 600-1800 s
3 Results
3.1 Two-dimensional dotty plots
Two-dimensional dotty plots are interesting to understand the influence of the input factors on the output. For
this purpose the simulations are ordered from low to high value of an objective function. The 20% simulations
with the lowest value for the objective function are indicated as behaviourals i.e. simulations yielding a good
process description (coloured in red). In this case the objective functions are the mean and the standard deviation
of the number density distribution of the moisture content at the end of the drying process.
In figure 1 the two-dimensional dotty plots are presented of the mean of the distribution at the end of the drying
process. It is obvious that a low value for the particle radius is important to allow a short drying time, and as
such a low value for the mean of the distribution. A higher value for the particle radius can be compensated by
a higher value of the gas temperature at which the drying is performed.
In figure 2 the two-dimensional dotty plots are presented of the standard deviation of the distribution at the
end of the drying process. It is obvious that a low value of the gas temperature is important to obtain a narrow
distribution. A trend can be detected for the combination of gas temperature and the filling time. When the
filling time is large, a narrow distribution can be obtained by imposing a low value of the gas temperature. In
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Figure 1: Two-dimensional dotty plots of the mean of the distribution for all parameters. Parameter combinations with a
low value for the mean are considered as behavioural
general a low value of the filling time is interesting to obtain a narrow distribution.
3.2 CSM/CSV plot
Based on the CSM the particle radius is the most influential parameter, followed by the gas temperature (Figure
3a). The mean of the distribution is the most unevenly distributed for the particle radius (Figure 3b).
The gas temperature is the most sensitive parameter for the variance of the distribution, but also the filling time
is influential for the variance (Figure 4a). The variance is the most unevenly distributed for the gas temperature
(Figure 4b).
4 Conclusions
Based on the performed GSA the gas temperature is obviously the most sensitive parameter. The gas tempera-
ture is as such an important factor for process control and changing the process during operation.
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Figure 2: Two-dimensional dotty plots of the standard deviation of the distribution for all parameters. Parameter combi-
nations with a low value for the standard deviation are considered as behavioural
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Figure 3: The CSM and the CSV plot of the mean of the distribution for the PBM-model using Sobol sampling
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Figure 4: The CSM and the CSV plot for the standard deviation of the distribution for the PBM-model using Sobol
sampling
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